Differential regulation of Na+/H+ antiporter gene expression in vascular smooth muscle cells by hypertrophic and hyperplastic stimuli.
The Na+/H+ antiporter is a ubiquitous transmembrane protein that plays a vital role in cell growth via regulation of intracellular Na+ and H+. In vascular smooth muscle cells (VSMC), vasoconstrictors and mitogens rapidly activate the antiporter, suggesting that both should have growth promoting effects. Indeed, angiotensin II increases VSMC protein and volume (hypertrophy), but does not increase cell number (hyperplasia). In the present work we investigated whether alterations in the steady state levels of Na+/H+ antiporter mRNA might differentiate these VSMC growth responses. Differences in function of the Na+/H+ antiporter appeared likely because exposure of growth-arrested VSMC for 24 h to 100 nM angiotensin II decreased intracellular pH from 7.08 to 6.99, while exposure to 10% calf serum caused an increase to 7.18. Simultaneous measurement of Na+/H+ antiporter mRNA levels, using the human c28 cDNA, revealed a 25-fold increase in response to serum (as well as to platelet-derived and fibroblast growth factors), but no change in response to angiotensin II. All agonists increased mRNA levels of the glycolytic enzyme glyceraldehyde-3-phosphate dehydrogenase approximately 3-fold. The increase in Na+/H+ antiporter mRNA induced by serum was first apparent within 2 h and peaked 24 h after treatment. These results demonstrate that expression of Na+/H+ antiporter mRNA in VSMC is dependent on growth state: hyperplastic agonists (serum, platelet-derived and fibroblast growth factor) increase the steady state levels of Na+/H+ antiporter mRNA while a hypertrophic agonist (angiotensin II) does not.